Abstract. In this paper we describe our project in which we study design options for a GPS-based navigation aid for elderly with beginning dementia. In a user centered approach we first studied problems of the target group. Results were used in the design of a WoZ prototype. The method proved to work very well in designing a prototype that is tuned to the needs of the user. This prototype was used in experiments in which we studied the performance of landmark vs. left right instructions in navigation. We found that landmark based instructions resulted in less errors and less hesitation with the users.
Introduction
Nowadays, finding the right way to a destination is getting easier because of the broad range of navigation systems on the market. The user can enter his desired destination and the system will point the user in the right direction. At every decision point, like a junction, the system uses verbal instructions and/or visual support on a screen, like directions on a map. Such systems are available for most people who take part in traffic, like motorists, cyclists and pedestrians. Currently research is focusing more and more on specific target groups. Studies have been done in order to explore the most effective form of auditive aid for the blind and the visually challenged [8, 15, 5, 9] . Another category that may benefit from such systems is the elderly pedestrian, especially the elderly pedestrian with mild dementia. Alarm systems exist that let the elderly get in touch with a caregiver when they are lost, for example the alarm medallion that with a press on a button can warn the caregiver who then will accompany the person to his or her desired destination. Prototype systems have been tested only for indoor navigation [11] . Andersen et al. [2] found that good support for pedestrians with mild dementia can lead to a better quality of life, especially in terms of independence and freedom to move around outdoors. The physical and mental fitness of a patient can also improve and the deterioration of the dementia process can be postponed [12] . With this extended independence and freedom the patient can continue to live at home for an endured period of time and medical expenses can be reduced as well as the work pressure of the caregiver.
We study the design considerations for a navigation system for the target group. We took a user centered approach because we feel that nobody better than the dementia patients themselves can indicate the problems they encounter while taking an independent walk outdoors. Next to the findings in literature it is essential to learn about the experiences in the field and needs the patients and their caregivers have in relation to wayfinding. For this we contacted several care centers in the Netherlands and undertook outdoor walks with patients who suffer from mild dementia. We had group discussions and interviews with patients and caregivers about their experiences with wayfinding and about the possible functionality of the aid. We also took several walks with a test system which we designed to find out what the patients thought about it and to see if walking with our system is helping them to find their way.
The goal of our study is to gain insight into 1) frequently made mistakes that people with mild dementia make in wayfinding, while taking an independent walk. 2) which functionalities a navigational aid for this target group should have or should not have 3) how the target group feels about such a navigational aid 4) test the difference between landmark based and left/right based instructions for navigation.
Dementia and Wayfinding
The term dementia represents a number of illnesses which increasingly weakens the patient's memory functions and cognitive skills. This can lead to problems in wayfinding [4] . Dementia can affect the area of language (aphasia or the disability to use language correctly), the motor area (apraxia or the disability to execute targeted operations or movements correctly), the perception area (agnosia or the disability to recognize impressions of the senses) and/or the area for executing functionalities (planning, organizing and consecutive acting). The symptoms significantly contribute to impairments in social and professional handling and show a clear decrease in former cognitive level.
Wayfinding is the process that involves making decisions about which direction to choose while taking a walk [1] . It is heavily based on the memory and perception functions of a person. As discussed in the previous paragraph, these functionalities are the ones which deteriorate when the dementia progresses. A logical result is that patients with dementia perform worse at wayfinding and learning new routes [4, 1, 18] . They also more frequently fail to execute a planned wayfinding task than people who do not suffer from dementia. Patients also seem to get confused more easily by conventional navigation aids, like street nameplates [11] , not so much because they do not know how to use these but because of problems with understanding language or sight. It was reported often that patients who suffer to dementia make use of salient objects in the surroundings, or 'landmarks', while taking a walk outdoors [1, 18] . Passini et. al [14] studied design criteria for indoor environments to let patients with Alzheimer's disease find their way better. Their study shows that performance of reaching a predefined destination depends on the structure of the building and the number of reference points. Examples of these reference points are spaces with a certain function, like the lobby, the living room or medical staffroom but also smaller
